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The National Science Foundation (NSF) funded project Mathematics, Science, and Technology Partnership
(MSTP) developed a multidisciplinary instructional model for connecting mathematics to science, technology
and engineering content areas at the middle school level. Specifically, the model infused mathematics into
middle school curriculum through the alignment of science, technology, engineering, and mathematics
(STEM) curriculum, creating a mathematics infused curriculum planning template for teachers, and the
implementation of connected STEM professional development workshops in middle schools. Through data
collected from teachers, administrators, and faculty members involved in these activities, it was found that all
involved were satisfied with connected curriculum, STEM teachers were able to successfully increase their
own mathematics pedagogy and content knowledge, and students were able to grasp mathematical concepts
when they were applied in science, technology, or engineering content areas.

Numerous documents have reported that
American students are failing to achieve grade
level mathematical standards. For instance,
according to Foundations for Success, the
2008 Report of the National Mathematics
Advisory Panel, American students’ mathe-
matics achievement is “at a mediocre level”
compared with that of their peers and this

decline in achievement tends to begin when
students reach late middle school (U.S.
Department of Education, 2008). There are
numerous strategies that schools and teachers
can utilize to counteract student failure in
mathematics, including changes in the curricu-
lum, modification in teaching methods, or an
increase in mathematics teacher preparation.
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The National Council of Teachers of Mathe-
matics (NCTM) contends one way students can
increase their mathematical competency is for
teachers to connect mathematics to situations
from science, social science, and commerce
(National Council of Teachers of Mathemat-
ics, 2002). Preliminary research suggests that
mathematical connections such as these can
help students relate mathematics topics to their
daily lives, enhance their understanding of
mathematics, and help them see mathematics as
a useful and interesting subject (Reed, 1995).
Moreover, Czerniak, Weber, Sandmann, and
Ahem (1999) suggest that connecting mathe-
matics and science may not only enable stu-
dents to develop a common core of knowledge,
but possibly become more interested and moti-
vated in their science and mathematics classes.
This connected learning also appeals to educa-
tors, as it mirrors the real world, links subject
areas, and fosters collaboration and networking
among teachers (Kaufman, 1995).

Of all of the reform recommendations being
made by NCTM, making mathematical connec-
tions to other areas is among the more difficult,
yet most important to achieve, especially at the
middle school level where students are begin-
ning to appreciate the power of mathematics
(Reed, 1995). It is possible that making connec-
tions between mathematics, science, technology,
and engineering (STEM) might be the answer
American schools have been looking for to raise
achievement in mathematics. Nonetheless, most
middle schools do not actively make connections
between the STEM areas on a regular basis.

Mathematics Infusion Defined

Connecting STEM curriculum in the schools
has taken on a plethora of different meanings
in both the education and STEM literature.
There have been numerous terminologies used
to describe these connections, such as inter-
connected, integrated, infused, connected, etc.
These discrepancies cause difficulty not only
for the understanding of what each term
implies, but also in synthesizing past research
results. Therefore, in 1992 the National Sci-
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ence Foundation (NSF) School Science and
Mathematics Association (SSMA) held the
Wingspread Conference in an attempt to
develop a clear succinct definition of mathe-
matics and science integration, as well as a
rationale for integrated science and mathemat-
ics teaching and learning. In an attempt to clar-
ify these definitions, SSMA assigned this task
to working groups of science, mathematics and
education faculty members, teachers, and other
related professionals (Berlin & White, 1992).
While definitions were proposed for mathe-
matics and science integration, no full consen-
sus could be reached. This lack of a definition
was a topic of interest for numerous researches
and educators in the years since the Wing-
spread Conference.

For instance, Hurley (2001) systematically
reviewed the math-science integration litera-
ture and classified five different levels of math-
science integration. These include: sequenced,
parallel, partial, enhanced, and total integra-
tion, which are from least to greatest level of
integration. Sequenced integration takes place
when science and mathematics are planned and
taught sequentially, with one preceding the
other. Parallel integration occurs when science
and mathematics are planned and taught simul-
taneously through parallel concepts. Science
and mathematics can also be taught partially
together and partially as separate disciplines in
the same classes, entitled partial integration.
Enhanced integration occurs when either sci-
ence or mathematics is the major discipline of
instruction, with the other discipline apparent
throughout the instruction. Lastly, total integra-
tion is where science and mathematics are
taught together in intended equality. Defining
integration through these five forms not only
summarizes the past research conducted, but
also provides a reference point for further
research to build upon.

Research Context for Mathematics
Infusion

A lack of a universal description of mathe-
matics and science integration has led to prob-
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lems when designing, conducting, or
interpreting research in this area (Hurley,
2001). Even though there has been a great deal
of support for mathematics connections to
other content areas in the literature, the lack of
empirical research grounded in theory is
apparent (Berlin & Lee, 2005). However,
when Hurley (2001) used mixed methodology
of student achievement data, qualitative data
on the multiple forms of integration, and his-
torical evidence of publishing patterns from
across the twentieth century, it was found that
there is some quantitative evidence favoring
integration. More specifically, it was found
that student mathematics achievement was
greater when it was taught in sequence with
science, as well as when mathematics and sci-
ence teachers planned collaboratively together.

Ross and Hogaboam-Gray  (1998)
attempted to tackle the lack of mathematics
integration evidence by comparing one school
that integrated ninth grade mathematics, sci-
ence, and technology courses into a single
MST program, to a similar school where all
three subjects were taught separately. The inte-
grated school had blocked mathematics, sci-
ence, and technology for three 85-minute
periods each day. Teachers collaboratively
arranged topics, so that all three subjects
worked in sequence as a coherent whole, with
an emphasis on a common framework for
problem solving. Researchers found the inte-
grated students were more likely to maintain a
mastery orientation to learning and were
engaged in more productive task talk and less
off-task than students in the control (segre-
gated) courses.

Additional research attempted to examine
mathematics integration by comparing lessons
that taught STEM in an integrated way, to the
same lessons that did not use any integration.
For instance, Merrill (2001) studied an integra-
tive approach to teaching and learning at the
high school level, by comparing a technology
class that was taught using connected science
and mathematics lessons, to comparison
classes that received an identical content les-
son without the integrated and hands-on

approach. Results found that there was no sig-
nificant difference between the experimental
and comparison group on posttests, although
both groups experienced similar gains. Even
though no significant increase over the com-
parison class was evidenced, it should be noted
that the treatment period duration in this study
was only 2 weeks and all implementation was
done by the technology teacher without work-
ing cooperatively with mathematics or science
teachers.

Similar to Merrill (2001), Judson and
Sawada (2000) conducted an action research
study examining student outcomes when an
eighth grade science class was integrated with
mathematics (statistics). In the experimental
statistics classroom, the science teacher co-
taught with the statistics teacher and coordi-
nated the science activities with the statistics
unit (a repeated sequence of problem presenta-
tion, strategy determination, and data collec-
tion) several times during a 3-week period. It
was found that the achievement of the students
in the experimental group was significantly
higher than that achieved by students not
involved in the integrated activities. However,
results were limited by a lack of controlling for
extraneous variables, little to no treatment
fidelity, and a noted lack of real change in
teacher pedagogy.

As is evidenced by prior research, con-
nected STEM instruction is an enduring con-
cept, as there have been diverse rationales,
curriculums, and research illustrating intercon-
nected teaching and learning throughout the
years. Despite these advances, the field has yet
to establish a clear understanding of the bene-
fits of interconnected instruction, as well as the
preeminent means to develop, implement,
assess, and research interconnected STEM
teaching and learning.

Mathematics, Science, and Technology
Partnership (MSTP)

Unfortunately, despite these compelling
rationales and the influence of the NCTM,
mathematics and science are still often taught in
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an unconnected way in schools (Watanabe &
Huntley, 1998). One project that has focused its
efforts on connecting Science, Technology,
Engineering and Mathematics in order to
improve mathematics teaching and learning in
middle schools is the Mathematics, Science,
and Technology Partnership (MSTP). MSTP
was a S-year National Science Foundation
(NSF) funded Mathematics and Science Part-
nership Project conducted by the Hofstra Uni-
versity Center for Technological Literacy
(CTL). MSTP was situated in 10 districts in
New York State where students have failed to
meet state standards in mathematics. A key
activity of the project was the development of
a multidisciplinary instructional model for
connecting mathematics into Science, Tech-
nology and Engineering (STE) content areas at
the middle school level.

Moving away from the idea of mathematics
integration, MSTP introduced the term ‘math-
ematics infusion’ as an approach to make
mathematics interconnections between STE.
Through infusion, mathematics is introduced
into the STE lessons at critical points, so it nat-
urally fits with the material that is taught in the
STE content area and interconnections are
made between the disciplines. Therefore, the
MSTP project did not attempt to combine
STEM into a curricular whole, but allowed
each subject to maintain its own unique per-
spective, with mathematics infused through-
out. It is based upon the idea that as science
and technology teachers infuse their lessons
with mathematics, their students will increase
in both their conceptual knowledge of and flu-
ency in mathematics.

In order to understand the MSTP mathemat-
ics infusion model, the essential components
and data to support these components will be
presented. More specifically, a curriculum
revision and alignment process in middle
school mathematics and science, the use of a
curriculum template that guides teachers in
selecting content, pedagogy, and assessments
for lessons, collaborative professional develop-
ment initiative for school-based and higher
education faculty, and an examination of
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mathematics infused lessons through the use of
a math-infusion rubric and lesson study.
Through the exploration of these components,
data will be presented that demonstrates the
effectiveness of this model for increasing stu-
dent mathematics knowledge, as well as
teacher content and pedagogical knowledge.

METHOD

Curriculum Revision and Alignment

The curriculum revision and alignment pro-
cess took place throughout the entirety of the
5-year MSTP Project. There were two types of
curriculum alignment. In terms of mathematics
specific alignment, MSTP districts aligned
their mathematics curriculum with New York
State (NYS) Mathematics Standards, so math-
ematics instructions met the NYS Mathematics
standards for that grade level. Further, each
middle school stressed the three basic under-
standings of the NYS mathematics standards
in their mathematics classrooms. These under-
standings are: Procedural fluency so that “the
skill in carrying out procedures flexibly, accu-
rately, efficiently and appropriately”; concep-
tual understanding so “students use conceptual
understanding of mathematics when they iden-
tify and apply principals, know and apply facts
and definitions, and compare and contrast
related concepts™; and problem solving or that
a “concept or procedure in itself is not useful in
problem solving unless one recognizes when
and where to use it as well as when and where
it does not apply” (New York State Board of
Regents, 2005).

Attention was also paid to the timing of
mathematics coverage in other disciplines,
which lead to the second method of alignment.
At the outset of MSTP, middle school faculty
and administrators worked on aligning mathe-
matics Grades 5-8 curriculum to determine
which mathematical concepts connect to spe-
cific portions of the science and technology
curricula content. For example, in many
schools, curriculum was mapped to middle
school standards and a scope and sequence
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was developed that aligned middle school
mathematics, science, and technology topics
by grade level. A scope and sequence is essen-
tially a plan for instruction that broadly
describes the curriculum at various grade lev-
els with a focus on identification of unifying
concepts.

If a specific scope and sequence was not
planned, school based faculty outlined the gen-
eral sequence of when mathematics, science,
and technology concepts are introduced within
a grade, so that students will have both the
needed skills/knowledge and maximum expo-
sure of the concepts. This type of alignment
occurred in the majority of the MSTP districts.
Topics were rearranged to coincide with one
another and similar ideas are taught, while
remaining separate subjects. In addition, when
aligning curriculum, it was stressed to teachers
that the languages and pedagogy used in the
classrooms should be similar across mathemat-
ics and science classes. Further, numerous
schools revised their curriculum to adopt
National Science Foundation (NSF) endorsed
curriculum, such as Math in Context (MIC)
and Connected Mathematics (CMP).

Lesson Planning Template

Another vital element of the MSTP mathe-
matics infusion model was the development of
a lesson planning template for mathematics
infused science and technology lessons, as
well as for enhanced mathematics lessons. The
lesson planning template was developed col-
laboratively and various sources were tapped,
including the expertise of university faculty
members, and related literature, STEM teach-
ers, and curriculum experts.

These lesson planning templates guide
teachers in selecting content, pedagogy and
assessments for mathematics infusion and/or
mathematics enhancement, with a focus on
inquiry based learning and instruction. There
are several key mathematics infusion areas that
have been integrated into the use of the tem-
plate. For instance, teachers must identify one
or two major mathematics and science content

topics, along with the related process and per-
formance standards that they will be covering
in their lesson. Hence, teachers will consider
links in what they are teaching to the standards
in greater detail. A large focus of the lesson
template is the instructional planning of the
lesson, where teachers are to indicate the les-
son progression in detail. As mathematics infu-
sion into science is one of the most important
features, teachers must explicitly mention how
they were able to infuse mathematics into the
science or technology content of the lesson.

Another necessary component of the lesson
plan is embedded assessment. Each lesson
should include some measure of student learn-
ing in mathematics and science or technology,
either in the shape of formative or summative
assessment. A checklist of assessment meth-
ods is included in the template to help teachers
consider which evaluative techniques would
be most appropriate for their respective lesson
designs. Lastly, the template includes a reflec-
tion section where teachers contemplate the
strengths and limitations of each lesson. This is
particularly important in assisting teachers
with the development and revision process,
considering how to better address student
learning with their respective populations, and
supporting future teachers who might decide to
implement the lesson design.

A/B Workshops

Professional development is essential, as
many studies reveal a startling lack of subject
matter knowledge even with mathematics and
science teachers (Adams, 1998; Babbitt & Van
Vactor, 1993; Ball, 1991). Teacher preparation
is therefore a fundamental prerequisite to infu-
sion of mathematics into school practice. How-
ever, teacher preparation must consist of more
than general content knowledge. Teachers must
be provided with the content knowledge and
pedagogical skills needed to implement mathe-
matics teaching in constructivist ways, as well
as instruction in finding ways to make the math-
ematics material meaningful within different
academic content areas.
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The MSTP project addressed teacher profes-
sional development in three ways. Throughout
the project yearly multidistrict workshops were
implemented to address the pedagogical and
content knowledge needs of involved STEM
teachers. Further, an important feature of
MSTP was that each school district was able to
shape how it provides professional develop-
ment and how it builds an MSTP community.
This was realized through school-based teams
(called Collaborative School Support Teams or
CSST) in each district to support mathematics
infusion and mathematics enhancement. The
CSST included a mathematics teacher, a sci-
ence teacher, a technology teacher, a school
social worker or guidance counselor, a school
administrator, and a university faculty mem-
ber. The CSST members were responsive to
the diverse needs of their specific district. Over
the course of the project, the professional devel-
opment culminated with a within school learn-
ing community approach called the “A/B
Workshops”. These workshops engaged MST
teachers with CSST guidance to develop and
implement mathematics infusion and mathe-
matics enrichment in the classroom. It should
be noted that the CSST teams were trained
over 3 days in how to successfully implement
these workshops with teachers in their district.

The MSTP district based A/B workshops
provided STE teachers with an opportunity to
work with mathematics teachers and university
faculty in a structured way, as they designed,
implemented, and revised mathematics infused
science and technology lessons and enhanced
mathematics lessons. This professional devel-
opment model is unique because most often
professional development involves teachers
attending classes or workshops to learn about
new content, pedagogy, and/or advancements
in the field of education that they must then
work to link to their own practice. The experi-
ence, however engaging, is often disconnected
from what occurs in teachers’ classrooms, with
new practices being difficult to implement in
their own classrooms (Martin-Kniep, 2004).
The A/B workshop model sought to eliminate
this disconnect through its unique elements,
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which allowed teachers to meet in professional
STEM learning communities to develop their
content knowledge and pedagogy as they
designed their own lessons.

These workshops took place on two sepa-
rate days, first the A workshop and then the B
workshop. The focal point of the A workshop
was on lesson plan development, where teach-
ers worked collaboratively in mixed discipline
learning communities to create a 2- to 3-day
mathematics infused lesson on the MSTP tem-
plate. Other middle school science, mathemat-
ics, and technology teachers from their district,
as well as the university faculty member of the
CSST team provided feedback and assistance.
In addition to developing lessons, teachers cre-
ated pre/post student assessments and a scor-
ing rubric to assess student learning of lesson
objectives.

Teachers were expected to spend the 2
weeks after the conclusion of workshop A
implementing their lessons in their respective
classrooms during the regular school day.
Teachers recorded their reflections about the
lesson and its degree of success immediately
following implementation. In addition, teach-
ers scored all student work and selected three
samples representing varied levels of student
performance (good, passable, and poor) that
would allow for a more in-depth analysis of
student understanding. Finally, after imple-
menting their lesson, teachers met again for the
second phase, the B workshops. During the B
workshop teachers again met in mixed disci-
pline STEM learning communities to reflect
and undergo peer review in order to revise and
rework their lesson in a way that would opti-
mize student learning. Teachers examined the
collected student work samples, discussed
pedagogical issues, and ultimately revised
their lessons based on their own experiences
and input from their colleagues.

Following each workshop, all participants
were asked to provide feedback about the
experience of developing and using the les-
sons, as well as to report on learning and
changes they observed in their students. Inter-
views were also conducted with a sample of
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teachers to ascertain their own personal growth
through the process. To further assess teacher
growth, a rubric was used to quantify teacher
development and understanding of the model,
as reflected in lesson plans developed during
the yearlong initiative.

Lesson Study

All of the MSTP lesson plans created dur-
ing the 2006-2007 yearlong A/B workshops
were collected to be used for the MSTP lesson
study. All identifiers were deleted from the les-
son plans before they were submitted for
review and rating. Each lesson was given a
unique identification number, which denoted
the district, date of lesson and teacher.
Through the use of a MSTP created rubric,
teacher growth, development and understand-
ing of the model as reflected in the developed
lessons was assessed and quantified. Although
separate rubrics were developed for use with
mathematics and for science/technology les-
sons, the general content of both is similar.
Each was used to examine if the lesson
included all essential components of the tem-
plate, as well as the degree of mathematics
infusion, expected student understanding, and
extent of real world applications. Each area
was assessed on a 0- to 5-point scale, with 0
indicating the element was not present to 5
indicating the element was met.

Common areas for both the mathematics
and science/technology rubrics include if the
lesson conforms to the required format, if
instructional planning procedures are explicit
enough to allow for replication, and if the
mathematics/science content is accurate. There
were also areas assessed that were directly
related to mathematics infusion, such as, if stu-
dents are provided with opportunities to apply
important mathematical concepts, if mathe-
matics and science concepts are applied in an
inquiry-based way, and if the lesson improves
student conceptual understanding of mathe-
matics and mathematical procedural fluency.

All lessons were reviewed and rated by an
independent consultant. The consultant had an

extensive background in education, having
taught science, mathematics and technology.
In addition, the consultant had experience in
professional development, teacher education,
and lesson planning. Prior to rating the lesson
plans, she underwent training to ensure rater
consistency and reliability.

RESULTS AND DISCUSSION

Curriculum Revision Process and
Lesson Template

The change in MSTP project schools was
seen by both teachers and their administrators.
Participating teachers reported that mathemat-
ics across the curriculum made “a tremendous
difference” and indicated that students see
“concrete connections between what they’re
learning and what they do.” Principals anec-
dotally noted consistent infusion of mathemat-
ics into science and technology and
engagement of students in higher order think-
ing was apparent. Further, the MSTP project
was able to assist numerous schools to adopt
National Science Foundation (NSF) endorsed
curriculum, such as Math in Context (MIC)
and Connected Math (CMP). In seven of the
10 Project schools, teachers had integrated
exemplary MIC and CMP mathematics materi-
als into instruction. One district had even
adopted MIC and has been supported by MIC
developers and publishers.

To add to this, teachers felt that the template
was an integral part of the mathematics infu-
sion process. Across all workshops, 92.5%
teachers stated ‘yes’, they were able to use the
MSTP lesson template to create a successful
lesson that included enhanced mathematics
and/or that infused mathematics into science or
technology. One teacher explained, “The form
[template] allowed for the thought process in
how to infuse the mathematics concepts into
science and technology.” Another teacher
noted, “Yes, explaining the steps we took to
create the lesson helped us to break down the
topics and see connections in science and
math.” Teachers who indicated they could not
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usefully apply the template explained it was
difficult to find appropriate grade-level mathe-
matics to infuse, they had trouble using the
computer document version of the template, or
they did not like the process of planning every
element of a lesson.

A/B Workshop Model

The A-B workshops were held over 3 years
of the project, changing in small ways through-
out to meet different teachers or districts
needs, but maintaining the core components
and concepts. During the first year of work-
shops (2006-2007) each district held six A-B
workshop cycles in their home district, for a
total of 54 workshops completed. During the
second year (2007-2008) seven districts
choose to participate, the majority holding four
workshops each, for a total of 24 total work-
shops. The last year of the workshops (2008-
2009) five nonproject districts were recruited
to take part in the MSTP workshops, and suc-
cessfully held four workshops each, for a total
of 20 workshops.

During the A-B workshops (across 3 years)
MSTP was successful in holding almost 100
workshops in 15 different school districts. A
total of over 580 hours of professional devel-
opment was delivered to STEM teachers in
participating districts. Further, almost 300
teachers were involved and developed over
1,000 lessons during the 3-year time period.

The preponderance of participants (over
95% of all teachers) during the first 2 years of
A-B workshops found the workshop to be use-
ful or positive. Throughout the first 2 years
there were only eight teachers who rated the
experience as not at all useful to their teaching
practices. These teachers indicated that the A/
B process was rushed, they desired additional
opportunities to work with teachers from other
disciplines, or they disliked the paperwork
involved. Even though the question changed
slightly during the third year, these results
were replicated, as over 95% of teachers indi-
cated the A/B workshop was a very positive or
positive experience, with not one teacher rat-
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ing the workshops to be negative or very nega-
tive. These are highly impressive response
rates, considering the number of teachers
involved in the project over time and the
amount of engagement and work required
from teachers who participated in the A/B pro-
fessional development model. One science
teacher spoke about how the A/B workshops
influenced her and her colleagues, explaining,
“It’s [A/B workshops] more of an awakening
for teachers than students. It provided us with
an opportunity to plan together as a group. It
was nice because the teachers who participated
wanted to do it.”

What is equally striking is that teachers
were very likely to use the lesson they devel-
oped in the workshops again at a later date.
The majority of the participants during the A/B
workshops would definitely use this lesson
again (64%), with 29% indicated they proba-
bly would and 6% reported they would maybe
use the lesson again. Less than 1% indicated
they would not use their development lesson
again, indicating that the majority of partici-
pants felt the A-B workshops were useful to
their practice as teachers.

Further, as Table 1 indicates, teachers were
generally satisfied in the lesson development
process of the A/B workshops. Teachers saw
these workshops as extremely constructive in
creating high quality lessons that aided stu-
dents in their understanding of the material.
Over 82% of teachers (2006-2007) indicated
they were successful or very successful in
writing lessons that helped students develop a
deeper understanding of the mathematical con-
tent. With over 93% noting that they were suc-
cessful or very successful in collaborating with
teachers in order to write lessons during the
workshop. Teachers also strongly supported
writing lessons based on the work during the
A/B workshops, indicating the workshops
were an important facilitator of the lesson writ-
ing process.

To future capture the utility of the A-B
workshop components, the 2007-2008 survey
specifically asked if various activities were
helpful during the A and B workshops. Data
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TABLE 1
Teacher Ratings of Lesson Plan Development Based on Last 2006-2007 Survey Results

Not at all Moderately Very
Successful Successful Successful
n (1) 2 3) 4) )
Writing lessons that help students 106 0% 0% 17.9% 50% 32.1%
develop a deeper understanding
of math.
Collaborating with teachers in 105 1% 1% 4.8% 31.4% 61.9%
order to write lessons.
Writing lessons based upon work 106 0% 1.9% 18.9% 49.1% 30.2%
at A/B workshops.
TABLE 2

Number and Percent of Teachers’ (2007-2008) Who Responded That the Following Activities
Were Helpful During the A and B Workshop

Across A Workshops

N Not Helpful Moderately Helpful Very Helpful
Creating lesson plan drafts on MSTP template 116 8% 36% 56%
Creating pre/post assessments drafts 117 5% 35% 60%
Creating scoring rubric drafts 110 11% 47% 42%
Peer collaboration and review 119 2% 18% 79%
Support provided by faculty members 116 3% 14% 83%
Across All B Workshops
Examining sample student work 108 5% 35% 60%
Peer collaboration and review 111 3% 23% 74%
Receiving warm and cool feedback 107 4% 34% 63%
Revising lesson plans 106 3% 31% 66%
Revising pre/post assessment measures 108 4% 47% 49%
Revising your rubrics 101 10% 53% 38%
Reflecting on implemented lesson 110 6% 26% 68%
Support provided by Faculty members 111 5% 19% 77%

shown in Table 2 are responses from teacher in
all districts during all workshops. The majority
of teachers throughout the workshops found
the support provided by faculty members
(83%) and from peer collaboration and review
(79%) to be very helpful during the A work-

shop. Teachers also felt creating lesson plan
drafts on the MSTP template and creating pre/
post assessments drafts during the workshop
were useful, with approximately 90% of teach-
ers indicating these activities were moderately
to very helpful.
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As previously discussed, teachers were
allotted time during each B workshop to revise
their lesson based upon collected student
work, their own reflections, and the comments
they received from their peers and faculty to
aide mathematics infusion. Approximately
83% of teachers (2006-2007) indicated they
used their collected assessment data to revise
their lesson, student activities, or assessment
tools. One teacher explained, “Results of stu-
dent work drove my decision to rewrite pre/
post assessments and lab packets.” The major-
ity of teachers reported that examining student
work was helpful in deciphering what the stu-
dents did not understand and on which areas
they needed to spend additional time. During
the 2007-2008 B workshop, as can be seen in
Table 2, all activities were reported to be at
least moderately helpful, with most being very
helpful. For example, the majority of teachers
throughout the workshops found the support
provided by faculty members (77%), reflecting
on implemented lesson (68%), and revising
lesson plans (66%) to be very helpful.

Over time teachers successfully created
multidisciplinary learning communities that
resulted in greater collaboration and connec-
tions among mathematics, science and tech-
nology subject areas. Survey results (2006-
2007) show that 90% of teachers agreed or
strongly agreed that workshops met their needs
for collaboration with other teachers. One
teacher noted, “The more time I spent collabo-
rating with my fellow teachers the better my
lessons and the greater the impact on my stu-
dents.” Additionally, 86% of teachers agreed
or strongly agreed that meeting collaboratively
during the workshops helped them to develop
new math, science, or technology teaching
techniques. Results were similar for the 2007-
2008 workshops, with 97% of teachers indicat-
ing peer collaboration and review was moder-
ately to very helpful.

Furthermore, through the year long 2006-
2007 A/B workshops teachers reported great
confidence in both their ability to teach their
developed mathematics infused lessons, as
well as their ability to use these lessons to
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increase student understanding. For example,
approximately 73% of teachers reported they
were confident to highly confident in infusing
mathematics into science and technology, as
per their lesson developed in the A/B work-
shops. As one science teacher explained,
“MSTP workshops exposed me to our schools
mathematics curriculum and allowed me to
teach concepts in creative ways.” Teachers
also reported that the A/B workshops allowed
them to improve on their own ability to teach
math, as 80% of teachers indicated that they
were confident to very confident that the A/B
workshops allowed them to develop their
mathematics pedagogy. Teachers also indi-
cated that they were confident to very confi-
dent that they were able to provide students
with real world solutions for using mathemat-
ics (93%), as well as emphasize connections
between mathematics and science/technology
(90%).

Obviously, an important outcome of the A/
B model was for students to develop a deeper
conceptual understanding of the mathematics
concepts, in both mathematics lessons and
STE lessons. Across all workshops, teachers
generally reported that over 95% of students
developed a deeper understanding of the topics
covered in the lessons. Several teachers based
their response upon students improved perfor-
mance on the post test measure. One teacher
during the 2006-2007 workshop stated,
“Through my post observations, | was able to
immediately see students understanding and
how their understanding grew before to after
the lesson.” Other teachers explained that stu-
dents developed the deeper understanding
from making real life connections or applica-
tions that were included in their lesson.

Teachers were also asked to indicate what
percentage of their students scored at ‘good’,
‘passable’ and ‘poor’ on the teacher adminis-
tered post assessment (preferably using their
rubric) during 2006-2007 and 2007-2008
workshops. The greatest percentage of teach-
ers reported that their students’ scored at the
good or passable range, indicating that stu-
dents were benefiting from the developed les-
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TABLE 3
Teacher Rating of the Percentage of Students’ Who Scored at “Good,” “Passable,” and ‘Poor’

Project Year

4(2006-2007) 5 (2007-2008)

Teacher Rating N Mean SD N Mean SD
Good 321 53% 24.28 34 64% 24.41
Passable 320 33% 19.08 34 27% 19.19
Poor 317 14% 10.71 34 9% 8.02

TABLE 4

Percentage of Students” Who Learned the Mathematics and Science/Technology Concepts
and Tasks, Based on 2008-2009 Teacher Survey Results

1%- 25%- 50%- 75%-
n 0% 24% 49% 75% 90% 100% N/A
Mathematics concepts 134 0% 0% 3% 12% 76% 8% 1%
Science concepts 130 0% 1% 4% 10% 49% 15% 21%
Technology Concepts 124 0% 1% 2% 3% 38% 8% 48%

sons. On average across all the months,
teachers rated that 59% of their students scored
in the “good” range on their post assessment.
Moreover, around 30% of teachers indicated
students scored in the “passable” range, while
only 12% of the teachers reported their stu-
dents fell into the “poor” range. Please see
Table 3 below for more information. Regard-
less of this, these results are promising, as at
least 86% of total students were passing or
above according to teacher administered post
assessments.

Student understanding was  assessed
slightly differently during the 2008-2009
school year. This year, teachers were asked to
indicated the percentage of their students that
learned the mathematics, science, and technol-
ogy concepts and tasks that were presented in
their lesson on a scale from 0% (did not learn
concepts) to 100% (learned all of the con-
cepts). As can be seen in Table 4, the majority
of teachers indicated that their students learned
75 to 90% of the concepts that were covered in
their lessons. Moreover, teachers indicate they
anticipated their students should be able to

score higher on the state assessments, due to
their own participation in the A/B workshops
and increased ability to enhance or infuse
mathematics throughout the curriculum. For
example, during 2006-2007 almost 80% of
teachers were confident to very confident that
their lessons would create change so students
would score higher on mathematics assess-
ments. Many teachers indicated qualitatively
that their lessons and involvement in the A/B
workshops would help their students on state
and in classroom mathematics tests. As one
teacher explained, “as it is said ‘more effective
educators produce more effective students’",
while others simply indicated “better scores”
or “improved state test scores.”

Although the majority of teacher comments
were positive, a few had critiques about the
workshops. These teachers indicated that the
A/B process was hurried, they desired addi-
tional opportunities to work with teachers from
other disciplines, and they would like addi-
tional instruction in how to teacher construc-
tivist mathematics. For instance, one teacher
explained, “The time to fully develop, plan and
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implement a lesson is rushed.” However, the
majority of negative comments were given
during the earliest months, or workshops,
when the process was still in its developmental
phase. Furthermore, limitations in the lessons
were noted, among them an insufficient amount
of infused mathematics, a grade-level math-sci-
ence mismatch, and minimal use of reform-
based mathematics pedagogy. It was hypothe-
sized that these limitations were related to
deficiencies in teachers’ content knowledge
and difficulties involved in developing exem-
plary curriculum materials.

In summary, it was found that teachers
experienced growth in both their understand-
ing of the concept of mathematics infusion into
science at the middle school level and their
valuing of mathematics within the science
classroom. Teachers were able to use the
developed MSTP template to create enhanced
math, or infused science/technology lessons
and be part of STEM learning communities.
Additionally, the majority of teachers believed
these lessons helped students develop a deeper
understanding of mathematics and/or science
concepts.

Lesson Study

Over 150 teachers were able to develop and
implement mathematics enhanced and mathe-
matics infused science or technology lessons.
After the completion of these workshops, there
were over 373 mathematics lessons, 266 sci-
ence lessons, and 62 technology lessons, for a
total of 701 lessons developed. In order to
assess teacher growth, a rubric was used to
quantify teacher development in understand-
ing of the model through the lesson plans cre-
ated during the yearlong initiative.

Exploratory analyses were performed on
the science lesson plan data to examine the pat-
tern of teacher growth and development in les-
son planning over time. A scale was created
from the initial set of items that sought to
reflect lesson quality with an emphasis on
inquiry based methods, mathematics infusion
and student understanding. Items were
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selected for the scale on the basis of variability
and higher order lesson planning constructs.
While general lesson planning skills such as
replicability are certainly important with
respect to creating a useful and coherent les-
son, they are not necessarily indicative of a
plan to engage the learner in an active way that
promotes understanding. Therefore, items
included in the scale are predominantly those
that assess lesson content targeted to enhance
student understanding and competencies. See
Table 5 for further information.

Items were averaged together to create an
overall Mathematics Infusion score for each
lesson plan. As indicated in Table 6, 14 out of
20 teachers showed percentage increases from
their first lesson plan to their last lesson plan.
The average change across all teachers was an
increase of 24% from their first lesson plan to
their last. Half of the teachers had beginning
scores of 3.7 or above, so a ceiling exists with
respect to the magnitude of increase possible.
For the initial ratings, only two teachers had
scores below two. Therefore, their initial les-
son plans had contained very little that would
engage the learner and drive mathematical
competency and understanding within a sci-
ence lesson. Both teachers showed significant
gains with final scores of 3.8 and 4.7 and per-
centage increases of 174% and 193% respec-
tively.

Overall, there was a progressive improve-
ment and understanding of the mathematics
infusion pedagogy. The majority of teachers
(70%) increased in their lesson plan quality
from the first workshop sequence and rating to
the last. Examination of this change in lesson
plans over time indicated increased understand-
ing and application of the mathematics infusion
model. Going forward, more fine-grained anal-
yses on the lesson plan study can be done. For
example, growth patterns between other data
points can be examined and district based anal-
yses can be performed. For future measure-
ment of lesson plan quality, it may be
worthwhile to revise and/or delete some of the
items. For instance, an item that was not
selected to be included in the Mathematics
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TABLE 5
Items for Lesson Plan Rating Score
Scale
Number Item Range*

1 To what extent does the mathematics content indicated in the lesson plan have potential to 0-5
lead to greater understanding of science/technology content?

2 To what extent does the lesson plan provide students with opportunities to apply important 0-5
mathematical concepts that are typically difficult for students at this level?

3 To what extent is the mathematics concept applied in an inquiry-based way? 0-5

4 To what extent is the science concept applied in an inquiry-based way? 0-5

5 To what extent does the lesson plan provide students with opportunities to improve their 0-5
conceptual understanding of math?

6 To what extent does the lesson plan provide students with opportunities to improve 0-5
mathematical procedural fluency?

7 Is the mathematics content accurate? 0-5

8 To what extent does the lesson seem realistic for the time allotted? 0-5

9 To what extent are mathematics assessments appropriate to the content taught? 0-5

Note: 0 = the element was not present; 5= element was met.

TABLE 6
Mathematics Infusion Scale Scores by Science Teacher and Month

Mathematics Infusion Scale  Percentage Change From First

Teacher of Lesson Month of Workshop Score (0-5) to Last Lesson Plan/Workshop
1 October 5.0000 -42.00%
December 2.9000
2 November 2.3000 +100%
December 1.3000
February 7000
May 4.6000
3 November 1.4000 +174.42%
December 4.2000
February 3.8000
April 3.8000
4 November 1.6000 +193.75%
December 4.7000
February 4.7000
5 October 3.2000 +3.12%
November 3.6000
December 3.7000
February 4.5000
April 4.2000
May 3.3000
6 November 4.2000 +11.90%
February 4.7000
7 November 3.7000 +16.22%
May 4.3000
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TABLE 6
(Continued)
Mathematics Infusion Scale ~ Percentage Change From First
Teacher of Lesson Month of Workshop Score (0-5) to Last Lesson Plan/Workshop

8 October 3.2000 +15.63%
November 4.6000
April 3.7000

9 October 4.3000 +13.95%
November 3.5000
December 3.4000
February 4.9000

10 November 4.3000 +9.30%
December 4.7000
February 4.7000

11 October 4.6000 2.17%
November 2.3000
December 2.5000
February 4.5000

12 October 4.1000 +7.31%
November 4.6000
December 4.7000
February 4.4000

13 October 3.9000 +18.75%
December 2.5000
February 4.8000

14 December 3.4000 -5.89%
February 3.2000

15 October 4.1000 -17.07%
November 7000
December .8000
February 1.0000
April .9000
May 3.4000

16 November 2.8000 +60.71%
December 4.2000
April 2.2000
May 4.5000
17 October 4.3000

November 2.3000 +4.65%
December 4.5000
February 3.6000
April 4.0000
May 4.5000

18 November 4.6000 +6.52%
December 3.6000
February 4.9000

19 October 4.4000 -18.18%
December 3.6000

20 October 4.0000 -70.00%
November 4.5000
December 4.7000
February 2.9000
April 4.5000
May 1.2000
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Infusion Scale (“To what extent does the plan
conform to the required format?””) due to lack
of variability could be revised to more accu-
rately assess the use of the lesson template. It
may be that the rater interpreted the item to
mean whether all sections of the lesson tem-
plate were completed, not the quality of com-
pletion.

Results from this study suggest that the A/B
workshop model promotes a professional
learning community climate at the school even
after the workshop is over. Teachers reported
that the frequency of a variety of activities
increased from the first A/B workshop in the
cycle to the last. What is especially interesting
to note is that the teachers reported changes
occurring at their actual schools beyond the
scope of the workshop. In addition, the quality
of the lessons produced by the teachers
improved over time. Therefore, there was tan-
gible evidence of improved lesson plan quality
as a result of the four cycles of A/B workshops.

CONCLUSION

A “mathematics infusion” approach, or mathe-
matics content taught in science or technology
classes, was the vision of the MSTP Project.
There are numerous obstacles to mathematics
infusion into STE in the middle school, includ-
ing teacher inexperience (lack of mathematical
content knowledge and pedagogy skills), atti-
tudes (“why should I be teaching mathematics
in my science or technology class?”), the need
for appropriate and accessible curricular mate-
rials, effective assessment methods (that dem-
onstrate how infusion affects student learning
in math, science, and/or technology), and how
to deliver professional development to teach-
ers.

Regardless of these issues, the MSTP Proj-
ect was able to incorporate a well-developed
model of mathematics infusion in middle
schools, which was able to increase both
teacher pedagogical and content area knowl-
edge and enable teachers to create lessons that
infused mathematics. In turn, these lessons

were able to increase student learning and per-
formance. This MSTP mathematics infusion
model, as evidenced by qualitative administra-
tive support, professional development teacher
feedback, and results of the lesson study, was
able to accomplish the goals of connecting
mathematics and science skills in order to
increase student mathematical conceptual
understanding. The model provides guidance
for both professional development activities
and classroom implementation and teachers in
science and technology report a value added to
their content area from enhanced mathematics
performance by middle schools students. This
is consistent with Czerniak et al. (1999), where
it was suggested that meaningful student learn-
ing occurs when new knowledge and skills are
embedded in context and students make con-
nections among ideas.

The implications of this approach are great.
Not only is it critical to find ways to enhance
mathematical understanding and competencies
among students, but it is also important that
students develop proficiency in using the
mathematical concepts that are required in
order to master many scientific concepts intro-
duced. Although standards within individual
STEM areas suggest the value of cross-disci-
pline connections, this work provides guidance
for implementation and indicates the feasibly
for widespread mathematics infusion.
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